We report a study of the photoexcited states in the conjugated polymer poly(2, 5-dimethoxy-pphenylene vinylene). Photoluminescence due to radiative recombination of singlet excitons is observed at energies just below the onset of the m-n. absorption band at 2.1 eV. Photoinduced absorption at 80 K shows bands peaking at 0.68, 1.35, and 1.80 eV. The features at 0.68 and 1.8 eV are associated with the same excited state which we propose is a doubly charged bipolaron, while the third at 1.35 eV is unrelated. We assign this 1.35-eV absorption to a triplet-triplet transition of a triplet exciton. The bipolarons are long lived with significant numbers surviving in excess of 100 ms at 80 K, and have a weak temperature dependence such that photoinduced absorption is readily detectable even at room temperature. The triplet exciton has a lifetime of order 2.5 ms at 80 K but this falls rapidly at higher temperature and the response is not detected at room temperature. We contrast these results with those obtained previously for the related poly(arylene vinylene) polymers poly(p-phenylene vinylene), and poly(2, 5-thienylene vinylene) and for other conjugated polymers, and draw attention to the important role played in the photophysics of these materials by neutral excited states.
III. RESULTS
The room-temperature optical-absorption spectrum of a drip cast film of PDMeOPV is shown in Fig. 2 (solid line) and 80 K (dash-dotted line), with excitation at 457.9 nm and using the same sample as that used for the optical-absorption spectra shown in Fig. 2 .
The spectra are offset the clarity. Fig. 9 ) to that of the bipolaron peaks. The signal falls much more rapidly with increasing temperature and follows a nearly exponential decrease for temperatures above circa 50 K. Note that the residual signal at 250 K is expected to be largely due to the contribution from the overlapping bipolaron peak at 13- For the 0.68-eV data in Fig. 10(a) In conjugated polymers it is useful to distinguish between those excited states that result from excitation on a single chain, and those that result from separation of charge between chains. In the case of intrachain excitation the generation of singlet excitons is likely to be the predominant result, and if these decay radiatively, they are responsible for the photoluminescence seen in Fig. 3 . The probability of intrachain charge separation in the absence of external perturbations (applied electric fields, defects, etc.) is expected to be low since both the Coulomb interaction and any electron-lattice coupling will act to bind the electron-hole pair; indeed, the equilibrium configuration for the electron-hole pair is described by the polaron exciton. ' Experimentally, photoluminescence from singlet exciton radiative decay is commonly found to be very weak in conjugated polymers, and perhaps for that reason, has tended to be widely disregarded. However, a low quantum yield for photoluminescence can be due to rapid nonradiative decay channels which run faster than the radiative decay (which from the strength of the nm"abs. - The observation of much better resolved structure in the emission spectrum than is seen in the absorption spectrum requires that spectral diffusion occurs following photoexcitation, but prior to emission. Spectral diffusion involves exciton migration through the polymer with the excitons descending the potential gradient associated with the inhomogeneous distribution of conjugated chain segment energies; low-energy sites are associated with chains that have high degrees of conjugation. Strong evidence for spectral diffusion in PPV comes from the invariance of the emission spectrum for all excitation energies above a threshold that lies close to the onset of the absorption edge.
The threshold comes at the point where the density of sites to which migration is favored (i.e. , those with lower energy) becomes sufficient that radiative decay no longer occurs predominantly from the same site as that at which the exciton was formed. Experimental determination of the degree of self-localization of the exciton in terms of a Stokes shift due to electron-lattice interaction is thus not entirely unambiguous, and we consider that it is important to carry out site-selective measurements with excitation in the vicinity of the onset of m.-m' absorption.
B. Triplet excitons
In addition to the formation of singlet excitons there is also the possibility for generation of triplet excitons.
There is comparatively little known about the photoexcitation mechanisms for their generation in conjugated polymers. However, by analogy with molecular semiconductors we can expect that this is a relatively frequent process, arising from spin-orbit interactions which change the spin multiplicity of the excited state and effect a nonradiative intersystem crossing to the triplet manifold, or from fission of a higher-lying singlet excited state.
Although the resulting triplet excited state can radiatively decay to any available lower-lying triplet level, subsequent radiative relaxation to the singlet ground state is dipole forbidden. Consequently, the generation of triplet states usually leads in molecular materials to long-lived phosphorescence rather than dipole-allowed fluorescence.
The relative energies of the phosphorescence and fluorescence emissions can provide a probe of the influence of electron-electron interactions in conjugated polymers. The amount by which the lowest triplet state is lowered relative to the lowest singlet excitation is a direct measure of the interaction strength. For both PPV and PDMeOPV, unfortunately, we do not see any evidence for phosphorescence and hence we are unable to address this important question. The absence of phosphorescence suggests strongly that the dominant mechanism of triplet relaxation is nonradiative, as for example, is also the case for trans-stilbene. ' We consider that the photoinduced absorption at 
